ABSTRACT The use of chlorella as an immune stimulant to enhance nonspecific host defense mechanisms or as an antimicrobial to inhibit bacterial growth has been reported. Thus, the aim of the present study was to clarify the effect of recombinant chlorella supplementation on growth performance, meat quality, and the blood profile, excreta microflora, and nutrient digestibility in broilers. A total of 375 one-day-old ROSS 308 broilers (male and female) were allotted to 5 dietary treatments using 5 cages with 15 chicks per cage. Treatments were: 1) NC, basal diet supplemented with 1.0% E. coli fermented liquor (EFL); 2) PC1, 0.2% EFL with chlorella; 3) PC2, 1.0% EFL with chlorella; 4) T1, 0.2% EFL with chlorella (anti-viral); and 5) T2, 1.0% EFL with chlorella (anti-viral). The broilers in the T2 treatment groups showed higher body weight gain (BGW) by 2.55% (P < 0.01) and lower feed conversion ratio (FCR) by 2.75% (P < 0.05) compared with those fed the control NC treatment group. Moreover, the blood contents of blood urea nitrogen (BUN), creatinine, and IgA in the broilers of the T2 treatment group were significantly increased by 28.12, 23.07, and 29.72%, respectively -more than those found in the broilers of the NC treatment group (P < 0.01). In contrast, the LDL/C in the blood from the animals in the T2 treatment group was significantly decreased by 23.23% -more than that in the blood from the NC broilers (P < 0.05). Based on these results, we suggest that the dietary supplementation of broilers with recombinant chlorella could improve their growth performance, increase the concentration of IgA and apparently metabolizable nitrogen in the blood, and decrease ammonia emissions. Therefore, our findings have important implications for the effect of recombinant chlorella supplementation through increasing the concentration of IgA and the level of metabolizable nitrogen.
INTRODUCTION
The beneficial effects of prebiotics are established, and prebiotics are widely used as an alternative to antibiotics in swine and poultry (Zhao et al., 2013; Zhao et al., 2016) . Researchers have demonstrated that the dietary supplementation of broiler chickens with prebiotics leads to improved performance through enhancing growth performance and stimulation of the immune system (Vicente et al., 2008; Patel et al., 2015) . The use of chlorella as an immune stimulant to enhance nonspecific host defense mechanisms or as an antimicrobial to inhibit bacterial growth has been reported (Yan et al., 2012) . In addition, it has previously been shown that there is a significant increase in the phagocytic activity C 2016 Poultry Science Association Inc. Received June 2, 2016. Accepted August 11, 2016. 1 Corresponding author: pcs1778@korea.kr of broiler chicken leukocytes in response to feed enrichment with chlorella (Kotrbacek et al., 1994) . Moreover, a study was recently conducted to determine the effect of dietary supplementation with chlorella on the growth performance of broiler chickens (Kang et al., 2013) . However, the mechanisms through which recombinant chlorella positively affects broilers have not yet been investigated in detail.
The 3D8 single-chain variable fragment (3D8 scFv) is an anti-nucleic acid antibody that can bind to and hydrolyze nucleic acids without sequence specificity (Kim et al., 2006) . Production and local delivery of genetically engineered antibody fragments by bacteria in the gastrointestinal tract could provide efficient therapy at a low cost (Pant et al., 2006) . In this study, we investigated recombinant chlorella as a delivery system for 3D8 scFv as an immune stimulant.
Thus, the aim of the present study was to clarify the effect of recombinant chlorella supplementation on growth performance, meat quality, blood profile, excreta microflora, and nutrient digestibility in broilers. 
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MATERIALS AND METHODS
Animals, Diets, and Design
This test was performed on one-day-old ROSS 308 broilers (male and female). In the 5-week trial, a total of 375 broiler chicks with an average body weight of 45 ± 0.39 g were allotted to one of 5 groups and given one of the experimental diets according to their initial body weight. The test design was as follows: 1) negative control (NC), basal diet supplemented with 1.0% E. coli fermented liquor (EFL); 2) positive control (PC1), 0.2% EFL with chlorella; 3) PC2, 1.0% EFL with chlorella; 4) treatment (T) 1, 0.2% EFL with chlorella (anti-viral); and 5) T2, 1.0% EFL with chlorella (anti-viral). The use of chlorella as an antiviral agent constitutes the production and local delivery of genetically engineered 3D8 fragments by bacteria in the gastrointestinal tract. Five replicates were performed per treatment, with 5 and 15 per iteration, in a completely random arrangement. The test was conducted on the Dankook University research farm, with the tested feed corn being formulated according to National Research Council (NRC) nutrient requirements, and soybean meal diets were provided (Table 1 ). All birds were housed in stainless-steel cages (1.75 m × 1.55 m) with concrete floors covered with clean rice bran, and continuous light was provided. The temperature of the room was maintained at 33 ± 1 o C for the first 3 d and then decreased to 24 o C throughout the rest of the experiment. The diets were fed in 2 phases: a starter phase, which was administered for the first 3 wk, and a finisher phase, which was administered during wk 4 and 5. The chicks were given free access to water and mash feed throughout the entire experiment.
Feeding, Sampling, and Measurements
Weight gain from the beginning of the experiment was determined at 3 wk and at the end of the experiment (5 wk). The feed intake was calculated by measuring the weight of the feed, and the feed conversion ratio was calculated by dividing this value by the weight gain.
To determine when the experiment should be terminated (5 wk), 10 animals per treatment were randomly selected for measurements, and the tibia, breast, liver, F sac, abdominal fat, and proximal splenic weights were then measured at slaughter, after which the percentage of the live weight was calculated. The pH was measured with a pH meter (Testo 205, Testo AG, Lenzkirch, Germany), and a meat color colorimeter (CR-410, Minolta Co., Osaka, Japan) was used to measure each breast sample in the second iteration. At this time, the standard was L * = 89.2, a * = 0.921, b * = 0.783. Storage loss (drip loss) was measured after holding the samples in polyethylene bags in a 4
• C cold room for 7 d, with each sample being shaped to a constant shape with a thickness of 2 cm at one d, 3 d, and 5 d; finally, the loss generated after 7 d was measured.
Blood was collected through a random selection process of 10 animals from each treatment at the end of the experiment (5 wk). Intravenous (jugular) blood was collected in a 2 mL K3EDTA tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) and was then processed using an automatic blood analyzer (ADVIA 120, Bayer, NY, USA) to determine WBC, RBC, lymphocyte, heterophil, basophil, and platelet counts. For serum biochemical tests, blood (5 mL) was collected in vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ) and then centrifuged at 4
• C at 4,000 rpm for 15 min to obtain serum for analysis. A separate sample for the determination of serum total cholesterol was obtained, which was then analyzed using an HDL/C, LDL/C, triglyceride, AST, ALT, BUN, creatinine, total protein, albumin, globulin, IgG, IgM, and IgA content nephelometer (Behring, Germany).
After harvesting for one min at the termination of the experimental treatment (at 5 wk), the obtained sample was suspended in sterile saline and homogenized. The viable cell count was then determined by dilution in steps from 10 −3 to 10 −6 . The experimental treatment of the broilers was performed in a matter of min on the broilers' Lactobacillus and E. coli bacteria. The number of bacteria was measured using Lactobacillus MRS agar and E. coli MacConkey agar (Difco Laboratories, Detroit, MI) at 38 to 37
• C. The Hennessey gas composition of the broilers was analyzed by obtaining a minute sample of excretory ammonia, hydrogen sulfide, and total mercaptan at the Table 3 . Effect of dietary supplementation with sea plants on the carcass quality of broilers.
1,2 Items  NC  PC1  PC2  T1  T2  SEM   3   PC2  T2  PC2  T2  T1  T2   pH 1 Abbreviations: Negative control (NC), basal diet supplemented with 1.0% E. coli fermented liquor (EFL); 2) positive control (PC1), 0.2% EFL with chlorella; 3) PC2, 1.0% EFL with chlorella; 4) treatment (T) 1, 0.2% EFL with chlorella (anti-viral); and 5) T2, 1.0% EFL with chlorella (anti-viral).
P-value
NC VS NC VS PC1 VS T1 VS PC1 VS PC2 VS
2 Each value represents the mean from 5 replicates with 10 chicks/replicate (total of 250 one-day-old ROSS 308 broilers (male and female) with an initial body weight of 45 ± 0.39 g). 3 Standard error of means. a,b Means in the same row with different superscripts differ (P < 0.05).
same time at the end of the test (5 wk) for each treatment group. The ammonia, hydrogen sulfide, and total mercaptan contents were measured while holding the samples at room temperature for 5 d; 300 g of the sample was placed in a sealed plastic container with a 2,600 mL volume for 24 h of fermentation in a Gastec (Model GV -100, Gastec Corp, Kanagawa, Japan) with ammonia and hydrogen sulfide, and measurements were performed using a total detecting tube (No. 3 L, No. 4LT and No. 70 L, Gastec, Japan) . Nutrient digestibility was assessed at the end of the experiment (5 wk), after 6 d in 0.2%, by adding fodder chromium oxide (Cr 2 O 3 ) as an indicator of water. The sample was collected after 72 h, and after drying in a dryer at 60
• C, it was subjected to analysis via pulverization in a Willey mill. Cr was then mixed with Items  NC  PC1  PC2  T1  T2  SEM   3   PC2  T2  PC2  T2  T1  T2   WBC, 1 Abbreviations: Negative control (NC), basal diet supplemented with 1.0% E. coli fermented liquor (EFL); 2) positive control (PC1), 0.2% EFL with chlorella; 3) PC2, 1.0% EFL with chlorella; 4) treatment (T) 1, 0.2% EFL with chlorella (anti-viral); and 5) T2, 1.0% EFL with chlorella (anti-viral).
P-value
NC VS NC VS PC1 VS T1 VS PC1 VS PC2 VS
2 Each value represents the mean from five replicates with 10 chicks/replicate (total of 250 one-day-old ROSS 308 broilers (male and female) with an initial body weight of 45 ± 0.39 g). 3 Standard error of means. a,b Means in the same row with different superscripts differ (P < 0.05). 
Statistical Analysis
All data were analyzed in SAS (SAS Institute Inc., Cary, North Carolina, USA) using the General Linear Model procedure for analysis of variance. Duncan's multiple range tests (Duncan, 1955) were employed to process the average difference, and <0.05 was considered statistically significant. To evaluate the effect on the nutrient and additive contents, we used contrast statistical methods.
RESULTS
Growth Performance
At 21 to 35 d old, the broilers fed the PC2 treatment group (P < 0.05) exhibited higher BWG than in the primary NC treatment group (Table 2) , which showed increased BWG by 2.70%. During the total experimental period, the weight of the broilers in the PC2 and T2 treatment groups (P < 0.01) was significantly higher than that of those in the NC treatment group, which showed increased BWG by 3.00 and 2.55%, respectively. The induced BWG of the broilers was reflected in increased FCR, with the broilers in the PC2 (P < 0.05) and T2 treatment groups (P < 0.05) exhibiting FCR values that were 4.32 and 2.76% lower, Table 6 . Effect of dietary supplementation with sea plants on excreta noxious gas emission in broilers.
1,2 NC VS  NC VS  PC1 VS  T1 VS  PC1 VS  PC2 VS  Items, ppm  NC  PC1  PC2  T1  T2  SEM   3   PC2  T2  PC2  T2  T1  T2   NH 1 Abbreviations: Negative control (NC), basal diet supplemented with 1.0% E. coli fermented liquor (EFL); 2) positive control (PC1), 0.2% EFL with chlorella; 3) PC2, 1.0% EFL with chlorella; 4) treatment (T) 1, 0.2% EFL with chlorella (anti-viral); and 5) T2, 1.0% EFL with chlorella (anti-viral).
P-value
2 Each value represents the mean of 5 replicates with 15 chicks/replicate (total of 375 one-day-old ROSS 308 broilers (male and female) with an initial body weight of 45 ± 0.39 g). 3 Standard error of means. a,b,c Means in the same row with different superscripts differ (P < 0.05). respectively, compared with those in the NC treatment group.
Meat Quality
At 7 d olds, the T2 treatment group (P < 0.05) resulted in significantly lower drip loss in the breast than the NC treatment group (Table 3) , which showed decreased drip loss by 2.26%. The breast organ weight in the PC2 treatment group (P < 0.01) was significantly greater than that in the NC treatment group in the proportions of 19.13 and 20.07 for NC and PC2 treatment groups, respectively. No significant difference was found among the treatments in terms of pH, water-holding capacity, and meat color (P > 0.05).
Blood Profile
The total cholesterol content in the blood of the broilers in the T2 treatment was significantly higher (P < 0.01) than that found in the broilers in the NC treatment group (Table 4) , which showed increased total cholesterol content by 13.51%. However, the LDL content was significantly lower in the broilers in the T2 treatment group (P < 0.05) than in those in the NC group, which showed decreased LDL content by 18.95%. The T2 treatment group increased the BUN, creatinine, and IgA concentration (P < 0.01) by 28.12, 23.07, and 29.72%, respectively, whereas ALT concentration (P < 0.01) decreased by 23.23%, compared with the NC treatment group.
Excreta Microbial Shedding and Excreta Noxious Gas Emission
No significant difference in the excreta microflora composition (P > 0.05) was found among the treatments involving Lactobacillus and E. coli (Table 5 ). The amount of fecal ammonia generated with the T2 treatment group was significantly lower by 1.73 and 7.10% compared with the PC2 (P < 0.05) and NC treatment groups (P < 0.01), respectively (Table 6 ).
Nutrient Digestibility
The PC2 treatment (P < 0.05) led to a significantly higher energy digestibility than the NC treatment, which showed increased energy digestibility by 1.29% (Table 7) . The dry matter digestibility and nitrogen digestibility presented no significant differences among the treatments (P > 0.05).
DISCUSSION
Several researchers have reported that the use of chlorella as a prebiotic has a positive effect on the growth performance and immune characteristics of chickens and pigs (Yan, Lim and Kim, 2012; Kang et al., 2013) . In the present study, the broilers in the PC2 and T2 treatment groups exhibited a greater BWG and FCR than those in the control NC treatment group (Table 1) . It has been suggested that prebiotics generally modulate the gut environment by increasing beneficial microorganisms and inhibiting the proliferation of pathogens in the intestine (Cho and Kim, 2014; Kotrbáček et al., 2015; Wang et al., 2016) . The drip loss from the breast measured under the T2 treatment was significantly lower than for the NC treatment (Table 2 ). In contrast, the PC2 treatment resulted in a significantly greater breast organ weight than the NC treatment (Table 2) . It was previously suggested that increasing dietary lysine decreases drip loss in broiler breast meat (Berri et al., 2008) . Therefore, we hypothesized that the reason for the decreased drip loss in relation to broiler breast meat performance was likely due to the very large amount of lysine in chlorella proteins (Baltazar et al., 2014) . The blood contents of BUN, creatinine, and IgA in the T2 treatment group were significantly higher than in the NC treatment group (Table 3) . In contrast, LDL/C in the blood of the animals in the T2 treatment group was significantly lower than in NC (Table 3) . A previous study found that dietary chlorella supplementation significantly increased the IgA concentration in the breast milk of pregnant women (Nakano et al., 2007) . Additionally, previous reports have shown that dietary fiber enhances IgA production in the mesenteric lymphocytes (Yamada et al., 2003) . Therefore, we hypothesized that the reason for the increased IgA concentration in the plasma of the broiler chickens was likely the increased production of B cells due to stimulating immunoglobulin in the autoassociated lymphoid tissue (Pugh et al., 2001; Kang et al., 2013) . The amount of fecal ammonia generated in the T2 treatment was significantly lower than that in the NC treatment (Table 5) . A previous study showed that supplementation with prebiotics could reduce fecal ammonia gas emission in broilers (Cho and Kim, 2014) . It has been suggested that the N from ammonia is generally derived from the fermentation of unabsorbed N entering the large intestine (Song et al., 2012) . Therefore, the reason for the decreased NH 3 emission from the broilers fed chlorella was likely the increase in apparently metabolizable N compared with the control group.
In conclusion, the results of this study indicated that dietary supplementation of broilers with recombinant chlorella could improve growth performance and increase the concentration of IgA and apparently metabolizable nitrogen in the blood, in addition to decreasing ammonia emissions. 
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